INTRODUCTION
Diabetes mellitus is a metabolic disease characterized by high blood glucose levels arising from inability of the pancreas to produce enough insulin or due to unresponsive body cells to insulin that is produced [1] . The common clinical signs of diabetes mellitus are polyuria, polydipsia, polyphagia and weight loss [2] . Reduced reproductive functions have been widely reported in both diabetic man and animals. About 90% of diabetic males have low performance in sexual activities including decreases in libido, sperm count and sperm motility as a result of sustained hyperglycemia [3] . After 2 weeks of induction of diabetes in male rats, significant decreases in sperm count and motility have been reported [4] . Oxidative stress induced by hyperglycemia is the major cause of diabetic sperm damage as oxidative stress is increased in diabetes, due to overproduction of reactive oxygen species (ROS), and decreased efficiency of antioxidant defenses [5, 6] .
Afzelia africana is a plant consumed in most households as thickening agent in the South Eastern part of Nigeria. It belongs to the family of Fabaceae. Its English name is "African mahogany". Its Ivorian name is "lingue". It is called "Kankalga" in More and "Lingahi" in Fulfulde. In Nigeria, it is called "akpalata" in Igbo, "kawo" in Hausa and "apa" in Yoruba [7] . The stem-bark extract of Afzelia africana possesses antihyperglycemic activity [8] , which was also confirmed in the root bark extract [9] . However, there is paucity of information on the antihyperglycemic effects of the different fractions of the extract, ameliorative potentials of the fractions on reproductive dysfunctions associated with diabetes mellitus and the phytochemical constituent of the active fraction or fractions.
The aim of this study was, therefore, to determine the antihyperglycemic and ameliorative effects of the different fractions of the extract and then find out the phytochemical constituent of the active fraction. 
EXPERIMENTAL Plant collection and identification

Preparation of plant extract
The fresh root bark of Afzelia africana was dried at room temperature in a ventilated room. It was pulverized using mortar and pestle into coarse powder. The material was finely ground with a grinding machine. Two kilograms (2 kg) of the powdered root bark was defatted using absolute hexane with intermittent shaking at intervals of 2 h for 48 h. Cold extraction of the defatted root bark was performed using 80% methanol with intermittent shaking at intervals of 2 h for 48 h. The extract was filtered with Whatman no.1 filter paper and concentrated using rotary evaporator.
Fractionation of plant extract
Column chromatography
Silica gel (GF 254 ) was used as stationary phase while gradient solvent system of the combination of chloroform, ethyl acetate and methanol was used as the mobile phase in the ratio of 3:2:1. The column was packed with silica gel. Extract sample which was put uniformly to the top of the column for fractionation was prepared by mixing 10 g of crude extract with 40 g of silica gel. Elution was done with 500 ml each of hexane, chloroform, ethyl acetate and methanol. The fractions were collected (10 ml per test tube) sequentially in labeled test tubes as the solvent dripped from the bottom of the column [10] .
Thin layer chromatography
Thin layer chromatography (TLC) plate (GF 254 precoated aluminum plate) was cut into smaller sizes of 10 cm by 5 cm, spotted with the fraction from each test tube collected from the column chromatography and developed in a chamber containing a shallow pool of a predetermined solvent system. The plates were air-dried, visualized using ultraviolet (UV) light and the distance traveled by each fraction was marked and used to compute the retention factor (R f ) value for each fraction.
Fractions with the same R f values were pooled together as one fraction [10] , concentrated and stored in a refrigerator.
Animals
Forty eight mature male and thirty two mature female Albino Wistar rats (Rattus norvergicus) of 12 weeks of age weighing between 180 to 200 g were used for the study. They were obtained from Laboratory Animal Unit of the Faculty of Veterinary Medicine, University of Nigeria, Nsukka, Nigeria. Handling of the experimental animals was in accordance with Principles of laboratory animal care (NIH publication no. 85-23; revised 1985) and was approved by the Ethical Committee of Faculty of Veterinary Medicine, University of Nigeria, Nsukka (approval ref no. 20120815). The handling complied with Directive 2012/52/WE on the use of animals for experiments [11] .
Induction of diabetes and treatment
Experimental diabetes was induced with alloxan monohydrate at the dose of 150 mg/kg dissolved in distilled water, intraperitoneally in 7 groups of male rats with 6 rats per group. Animals with fasting blood sugar (FBS) level above 6.4 mmol/L after ten days post induction were considered to be diabetic [12] . The fractions obtained from column and thin layer chromatograghy were used to treat groups 1 to 5 at the dose of 50 mg/kg dissolved in distilled water orally using gastric gavage. Groups 6, 7 and 8 were the glibenclamide (2 mg/kg dissolved in distilled water orally) treated, untreated diabetic (given distilled water, 10 ml/kg orally) and normal (given distilled water, 10 ml/kg orally) male rats respectively.
The treatment was daily for 21 days. Fasting blood sugar (FBS) levels were determined at 0 hour (before treatment) and on days 7, 14 and 21. At the end of the 21 day treatment period, the reproductive parameters were determined as follows:
Determination of libido
Each male rat from all the groups was paired with two female rats confirmed to be in estrus in turn and was given 10 minutes for performance. Within the 10 minutes, the rats were scored as follows: 0 -showed no sexual interest, 1 -showed sexual interest only once, 2 -showed positive sexual interest in female on more than one occasion, 3 -was in active pursuit of female with persistent sexual interest, 4 -had one mount or mounting attempt without service, 5 -had two mounts or mounting attempts without service, 6 -had more than two mounts or mounting attempts without service, 7 -had one service followed by no further sexual interest, 8 -had one service followed by further sexual interest including mounts or mounting attempts, 9 -had two services followed by no further sexual interest and 10 -had two services followed by sexual interest including mounts, mounting attempts or further service [13] .
Determination of testosterone level
Serum samples from the rats were subjected to testosterone assay using Enzyme Linked Immunosorbent Assay (ELISA) [14] .
Evaluation of sperm motility
The tail of epididymis was punctured with a needle and a drop of sperm was placed on a prewarmed clean slide with the application of pressure on the epididymis. Thereafter, two drops of warm 2.9 % sodium citrate were added to the sperm sample. This was covered with a cover slip and viewed under the microscope at ×40 magnification for percentage of motile sperms [14] .
Determination of epididymal sperm reserve
The
The number of sperm cells were counted on the four corner squares and estimated in 169 squares. The sperm cells counted in 169 squares of the Neubauer chamber were in 2.5 x 10 -4 ml which was the volume of the Neubauer chamber. The number of sperm cells counted in each sample was multiplied by 5 to get the total number of sperm cells in the original volume of sperm samples [16, 17] .
Phytochemical analysis of the active fraction
Phytochemical tests were carried out on fraction 3 using standard procedures for the presence of tannins (Stiasny test and ferric chloride test) [18] , glycosides (Borntraega test), alkaloids (Bouchardat, Valser-Mayer and Dragendorff's reagent test), flavonoids (Shibata's test), and saponins (Frothing test and Emulsifying test) [19] .
Statistics
Data obtained from the study were statistically analysed using one way analysis of variance (ANOVA). The variant means were separated using Duncan Multiple Range Test. Level of significant was accepted at p < 0.05. The data were expressed in tables.
RESULTS
Extract yield and fractions
Extraction of 2000 g of powdered stem bark material produced 194 g of dried extract representing a yield of 9.7%. The column and thin layer chromatography revealed the presence of five fractions in the extract.
Induction of diabetes
Conclusive evidence that diabetes mellitus was successfully induced was shown by tremendous increase in mean FBS levels above 6.4 mmol/L (0 h, FBS level) of the rats post-induction (Table  1) .
Antihyperglycemic activities of the fractions
Fraction 3 produced optimum anti-hyperglycemic activity throughout the study period just as the glibenclamide ( Table 1 ). The percentage FBS reduction of fraction 3 was 75.5 % while that of glibenclamide was 80.2%. This confirms the antihyperglycemic potential of fraction 3.
Ameliorative potential of the fractions on diabetic male reproductive dysfunction
The ability of the fractions to ameliorate diabetesinduced reproductive dysfunction was evaluated using libido score (LS) ( Table 2) , testosterone level (TL) ( Table 3) , percentage sperm motility (PSM) ( Table 4 ) and epididymal sperm reserve (ESR) ( Table 5 ). Optimum ameliorative potential on all the parameters measured was produced by fraction 3. The parameters of fraction 3 increased significantly (p < 0.05) when compared to the diabetic untreated group. The reproductive parameters of fraction 3 treated group did not differ significantly (p > 0.05) from those of normal non-diabetic rats. The TL, and right ESR of glibenclamide treated group did not differ significantly (p > 0.05) from fraction 3 treated group and normal rats but its LS and PSM decreased significantly when compared to fraction 3 treated group and the normal rats.
Phytochemical profile of fraction 3
Test to ascertain the phytochemical constituents of fraction 3 revealed presence of flavonoids. Tannins, alkaloids, saponins and glycosides were absent. 
Key: a,b =Different superscripts indicate differences between the mean (p<0.05). O h =before treatment, UD = untreated diabetic, -= no reduction
DISCUSSION
The results of the antihyperglycemic activity of the fractions determined weekly revealed that fraction 3 was responsible for the antihyperglycemic activity of the methanol root bark extract of Afzelia africana. Its antihyperglycemic potential may be due to its capability to restore the normal functioning of the pancreas, induce insulin secretion, induce glycolysis or reduce glucose absorption in the intestine. Glibenclamide, the reference drug, acts by inducing insulin secretion.
The observed decreases in libido score, testosterone level, percentage sperm motility and epididymal sperm reserve in the untreated diabetic male rats in this study are in line with earlier reports. These decreases may be due to sustained hyperglycemia throughout the study period and its associated oxidative stress.
The significant decrease (p < 0.05) in libido score of the untreated diabetic rats when compared to those of the fraction 3 treated diabetic rats may be attributed to the significant decrease in testosterone level. Testosterone is responsible for maintenance of libido in males [20] . It may also be due to erectile dysfunction. Decrease in libido as seen in diabetic males in this study, may contribute to their erectile dysfunction [21] . Erectile dysfunction is caused by vascular dysfunction. Endothelial-derived vasorelaxation is gradually lost in diabetics due to oxidative stress induced by hyperglycemia [22] .
The significant decreases (p < 0.05) in left ESR and right ESR of untreated diabetic rats when compared to the fraction 3 treated diabetic rats' left ESR and right ESR may be associated with decrease in testosterone level. Testosterone is essential for normal sperm development.
The significant decrease (p < 0.05) in libido score of glibenclamide treated group when compared to fraction 3 treated group, may be due to vascular endothelial dysfunction that may not have been protected by glibenclamide and this may have led to erectile dysfunction that manifested as decreased libido. The glibenclamide treated group mounted the female one to two times without service. Diabetes mellitus is associated with an induction of vascular endothelial dysfunction caused by oxidative stress -an initial event that could lead to the pathogenesis of erectile dysfunction.
The significant decrease in percentage sperm motility of glibenclamide treated group when compared to fraction 3 treated group may be due to reactive oxygen attack as glibenclamide is not an antioxidant but only an antihyperglycemic agent. Phytochemical analysis of fraction 3 revealed presence of flavonoids. Flavonoids are antioxidants [23, 24] . This may therefore explain the demonstration of antioxidant activity of Fraction 3. Flavonoids scavenge free oxygen radicals hence, important in managing diseases associated with oxidative damage such as diabetes mellitus.
Diabetes has adverse effect on sperm quality through the induction of oxidative stress and at the same time disrupts the testicular antioxidant status. Fraction 3 was very important in this defensive, mechanism. Its ability to ameliorate this pathology shows its efficacy in overcoming oxidative stress in this context. The sperm plasma membrane is very sensitive to the effect of reactive oxygen since it contains abundant unsaturated fatty acids. These unsaturated fatty acids provide fluid which is necessary for sperm motility [25] .
CONCLUSION
The ameliorative potential of fraction 3 of the methanol root bark extract of Afzelia africana on reproductive dysfunction in diabetic male rats and its antihyperglycemic activity demonstrate that this fraction is a potential source of new chemical agents that could be helpful in the management of diabetes mellitus in males but further studies are required to ascertain this.
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